ABSTRACT
INTRODUCTION
The determination of correct working length is critical for the success of endodontic treatment. [1] [2] [3] The cleaning, shaping and obturation of the root canal system cannot be accomplished accurately unless the working length is determined precisely. [4] [5] [6] If one fails to determine the working length accurately, it may lead to incomplete instrumentation and under-filling which may result in problems, like persistent pain and discomfort, from inflammation of retained pulp tissues. [1] [2] [3] 7 Furthermore, failure to accurately determine and maintain working length may result in the length being too long, which may lead to perforation through the apical constriction. Destruction of the constriction may lead to overfilling or overextension and an increased incidence of postoperative pain. In addition, one might expect a prolonged healing period and lower success rate due to incomplete regeneration of cementum, periodontal ligament and alveolar bone. [7] [8] [9] In 1955, Kutler stated that the ideal place to end root canal treatment was the cementodentinal junction. 10 It is a histological landmark, where the pulp tissue changes into the periapical tissue, 11 and cannot be felt clinically or seen radiographically. When the canal preparation ends at this point, the area behind it being avascular helps in the elimination of the pathogenic microorganisms. From a clinical point of view, it is advantageous to end all preparations at this point because it is a morphological point that can be felt by the clinician. 2 There has been debate as to the optimal length of canal preparations and the optimal level of canal obturation. 12 Most dentists agree that the desired end point is the apical constriction, which is not only the narrowest part of the canal, 13 but also a morphologic landmark [14] [15] [16] [17] that can help to improve the apical seal. The apical constriction normally is located within the apical 2 mm of most teeth. 1 Some studies showed that early detection of the apical constriction was not a predictable technique, 18, 19 especially in severely constricted canals, which are often narrower near the orifice due to the chronic calcific pulpal degeneration in the pulp chamber. 2 If the shape behind the constriction is created, it becomes significantly easier to locate the constriction by tactile sense using precurved patency files. 2, 20, 21 If the coronal portion of the canal is not constricted, an experienced clinician may detect an increase in resistance as the file approaches the apical 2 to 3 mm. In this region, the canal frequently constricts before exiting the root.
In the curved canals, it is very difficult to achieve the correct working length. In such cases, if the preflaring of the coronal portion of the canal behind the curvature is done then it becomes easier to achieve the ideal working length of 1 to 2 mm short of the apex. 2, 23, 24 After applying the early preflaring method, the file could penetrate closer to the true working length. 25 Morgan and Montgomery 26 presented the crown down technique in 1984. This technique indicates the cleaning and shaping of the coronal portion of the canal and incremental progression to the apical area. 26 The main aim of this technique was to decrease the microorganisms which may be pushed apically later. 19, 24, 27 Khan found that preflaring greatly improved the determination of correct working length in curved canals. 23 Stabholz et al 28 found that in 76% of the teeth that underwent preflaring, the apical constriction was felt. Others found that if the curved canals were preflared, it was possible for an expert to detect the apical constriction, a reference for correct working length, in about 75% of cases. 29 On the other hand, if the canals were not preflared, determination of the apical constriction, i.e. the correct working length was possible only in about one-third of cases. 30 Most previous studies used either hedstrom or rotary files to do preflaring. Hedstrom files are well known for having more potential to fractures than K-files, while the rotary files are expensive and require further special training. On the other hand, Gates Glidden drills are less expensive, easily available and most of the general dentists are well aware of and accustomed to their use.
Consequently, the aim of the current study was to evaluate the effects of preflaring method on the determination of working length in the curved mesial canals of mandibular molars using Gates Glidden drills and K-files.
MATERIALS AND METHODS
A total of 90 patients (55 males and 35 females) aged 25 to 30 years old (mean age: 28 ± 3 years old) were randomly selected from patients who attended the Department of Endodontics, Pakistan Institute of Medical Sciences, Islamabad, Pakistan. Patient's informed consent was obtained before they participated in the study. The study was approved by Pakistan Institute of Medical Sciences, Islamabad.
Each participant was included in the study if have a curved mesial root of lower first or second molar that requires endodontic treatment. A total of 90 lower molar teeth were included in the study. The patients were divided into two groups: A preflared and a nonpreflared group.
An experienced endodontist followed the following procedure for all teeth in the study. First, a radiograph was taken for each tooth using EndoRay X-ray holder (Dentsply, Rinn). Then, the canal curvature was measured using Schneider's method 31 to ascertain the inclusion criteria. The Schneider's method involves marking a point at the middle of the file at the level of the canal orifice. A straight line was drawn aligned parallel to the file image from point 'a' to a point where the instrument deviated from the line, point 'b'. The angle formed by the intersection of the lines was measured as the canal curvature. 31 Next, anesthesia, access cavity preparation and isolation using rubber dam was performed on every patient. The coronal two thirds portion of the curved mesiobuccal canals were inactively prepared using sizes 1 to 6 Gates Glidden drills (Mani Co., Japan). Then, a size 15 K-file (Mani Co., Japan) was inserted in the canal, concerning the reference point, until the apical constriction was felt by using the tactile sensation. A radiograph was taken by using the EndoRay, X-ray holder applying the X-ray tube 15 to 20°m esially to the original. The distance from the tip of file to the apex of the root was measured radiographically (radiographic apex length). The readings were classified according to the method described by Stabholz et al 28 as:
(a) within 1 mm of the apex, (b) more than 1 mm away from the apex, and (c) overextending the length of the canal. For the other group (nonpreflared group), the same procedure as above was carried out without preflaring the mesiobuccal canals.
Statistical Analysis
The data were analyzed using software called Statistical Package for Social Sciences (SPSS, version 11, Chicago, JCDP USA). Chi-square test was applied to calculate the significant differences between the working lengths of the two groups. Table 1 presents the distribution of the study sample according to the location of the file in relation to the root apex (radiographic apex length) in both groups. In the nonpreflared group, the location of tip of the file in 33.3% of the cases was in location 'a', 53.3% in location 'b', and 13.3% in location 'c'. In the preflared group, the location of tip of the file in 75.5% of the cases was in location 'a', 13.3% in location 'b', and 11.1% in location 'c'. Chi-square test showed significant differences between groups in terms of the location of the file tip in relation to root apex. The working length in the preflared group was more accurately determined than in the nonpreflared group ( 2 = 10.59, df = 2, p = 0.005).
RESULTS

DISCUSSION
This study demonstrated that with early preflaring in the root canal preparation, file penetration would be closest to the true working length. On the other hand, during working length determination without preflaring, the file was located within 1 mm from the radiographic terminus in only 33.3% of cases. Meanwhile, the file could not reach the radiographic terminus or passed it in the rest of nonpreflared cases. This can be interpreted as the canal entrance or the coronal part inhibits the file from reaching the apex and gives a false feeling of apical constriction. On the contrary, the preflaring of the coronal part of the canal could enhance the tactile sense to the apical constriction and the file would have better retention in this location. Hence, in 75.5% of cases apical constriction was felt within 1 mm of the apex and the number of cases where the file passed the apex had considerably decreased. This would lead to prevention of debris harbor throughout the apex. 7 The above findings concur the results of previous studies. 7, 9, 23, 28 The estimated working length will decrease while instrumentation is performed, and early preflaring of the coronal portion of the canal is associated with lowest variations in detecting the proper working length. 7, 9, 23, 28 Furthermore, Ibarrola et al 19 found that coronal preflaring before working length determination with an electronic apex locator significantly improves the accuracy at which the apex locator was able to identify the apical constriction. Luiten 32 reported that apical transportation in preflared canals was minimal and preflaring was associated with better shaping of canals. This is in agreement with the present study as it was found that early coronal preflaring assisted in canal cleaning and enhanced the tactile sensation to apical constriction. It also reduced the zipping possibility which could lead to overextension and overfilling. This would reduce post-treatment pain and discomfort, and minimize potential treatment failures. A study 23 similar to the present study has shown that, after preflaring of the coronal portion of the curved canals, the tip of instruments reached within 1 mm of the radiographic apex in 75% of the cases. But without preflaring of the coronal portion of the curved canals, the tips of instruments were within 1 mm of the radiographic apex in only 31% of the cases. Khan and Sobhi 23 showed that in the nonpreflared group, they found that the tip of the instrument was within 1 mm of the radiographic apex in 31.4% of the cases, more than 1 mm of the radiographic apex in 40% of the cases, and overextending beyond the radiographic apex in 28.57% of the cases. In the preflared group, they found that the tip of the instrument was within 1 mm of the radiographic apex in 75% of the cases, more than 1 mm of the radiographic apex in 5.7% of the cases, and overextending beyond the radiographic apex in 14.28% of the cases. The present study supports the results of the previous studies including that of Khan and Sobhi. 23 However in this study, a slightly different technique was used for early preflaring where Gates Glidden drills were used instead of hedstrom or rotary files. The reason behind this was that Gates Glidden drills are less expensive, easily available and most of the general dentists are well aware of and accustomed to their use. On the other hand, rotary files are expensive, not easily available and most of the general dentists are not well aware of and accustomed to their use because of lack of continuing dental education facilities. In addition, hedstrom files have more potential for breakage. Consequently, this study supports the expansion of using early preflaring technique not only to the specialists in endodontics but to the general dentists as well.
Early removal of restrictive dentin in the coronal two thirds gives the clinician more tactile sensation of the apical part. 22 Also, a preflared canal allows for more efficient debris removal. In addition, with coronal restrictive dentin removed, size 10 and 15 files readily move into the apical area reducing the need and expense to use size 6 and 8 files. Furthermore, the need for precurving the files is reduced and consequently reduces the chance of fracturing the files and the associated complications.
CONCLUSION
Preflaring of the coronal portion of curved canals greatly improved the access to the apical constriction, which is the apical reference for correct working length determination.
If the coronal portion of the curved canals is not preflared and left constricted, the clinician cannot discern the accuracy of what they feel apically because quite often the file binds or sticks more coronally than apically. Thus, preflaring is a highly recommended procedure especially in curved canals for better determination of correct working length.
